Abstract: Mycobacterium goodii, a rapidly growing nontuberculous mycobacterium, is an emerging pathogen in nosocomial infections. Its inherent resistance patterns make it a challenging organism to treat, and delays in identification can lead to poor outcomes. We present a case of cardiac device pocket infection with M. goodii, complicated by both antibiotic resistance and drug reactions that highlight the challenges faced by clinicians trying to eradicate these infections. We also present a brief review of the English literature surrounding this disease, including a table of all reported cases of M. goodii infections and their outcomes to act as guide for clinicians formulating treatment plans for these infections. A clear understanding of diagnostic methods and treatment caveats is essential to curing infections caused by these organisms.
The patient returned 4 weeks later with pus draining from the incision site. He reported erythema and tenderness had initially developed approximately 2 weeks after the procedure. He denied fevers or chills and had no other systemic manifestations of infection.
In the clinic, a 2 Â 2-cm fluctuant mass was noted over the superior edge of the healed surgical incision. The patient otherwise had normal vital signs and an unremarkable physical examination, including lack of thromboembolic phenomena. His laboratory results were notable for a white blood cell count of 10.6 Â 10 2 with a normal differential and a creatinine level of 2.03 mg/dL (his baseline). Two sets of blood cultures (4 bottles) were drawn and were negative for any bacterial growth. Pus was expressed from the AICD pocket and sent for culture. The patient was started on cephalexin 500 mg by mouth twice daily.
Later that week, the patient underwent complete AICD removal with pocket debridement and washout. Tissue from the pocket, a wound swab, and AICD leads were all sent for routine bacterial cultures. The patient was treated empirically with vancomycin 15 mg/kg intravenous (IV) every 12 hours and piperacillin/ tazobactam 3.375 g IV every 12 hours (both renally adjusted). A wound vacuum was placed over the pacemaker pocket with excellent clinical response. The patient underwent a transesophageal echocardiogram, which did not show any evidence of endocarditis.
Four days into incubation, all tissue cultures grew Grampositive rods. The patient's antibiotics were narrowed to vancomycin IV monotherapy, and the cultures were sent to the New Mexico State Laboratory for further identification. The organism was identified as a rapidly growing NTM. Cultures were then sent to Advanced Diagnostic Laboratories, National Jewish Health in Denver, Colo, for identification. The isolate was grown on a Lowenstein-Jensen slant and identified as M. goodii by RNA polymerase Beta subunit (rpoB) gene sequencing.
The patient's antibiotic coverage was changed from vancomycin to sulfamethoxazole/trimethoprim one double strength tablet by mouth twice daily and doxycycline 100 mg by mouth twice daily. Unfortunately, 4 days after treatment with this regimen, he developed worsening renal dysfunction with a creatinine level increase to 4 mg/dL and a serum urea nitrogen level of 40 mg/dL. Sulfamethoxazole/trimethoprim was stopped, and the patient was continued on doxycycline with the addition of both ethambutol 900 mg by mouth daily and ciprofloxacin 500 mg by mouth daily (renally adjusted). Two weeks later, ciprofloxacin was discontinued due to concerns for QTC prolongation in the setting of recent AICD removal. At this point, antimicrobial susceptibilities were available, and the patient's isolate was found to be sensitive to ampicillin-sulbactam. The patient was switched to a regimen of amoxicillin-clavulanate 875 mg by mouth twice daily and doxycycline 100 mg by mouth twice daily to complete a 4-month course.
There was a question about whether to treat the patient for endocarditis versus a pocket infection because the AICD leads grew M. goodii. On discussion with the laboratory and the operating surgeons, the entire lead was cultured, including the section of the leads attached to the battery within the infected pocket, making a pure ventricular tip lead infection impossible to determine. Given that the patient had no major or minor Duke criteria, was never septic, and had both a negative transesophageal echocardiogram and negative blood cultures, he was treated for an isolated pocket infection. His wounds are currently completely healed, and his inflammatory markers are down trending. We present the third case of M. goodii cardiac device pocket infection reported in the English literature.
DISCUSSION
Infections, particularly nosocomial, with NTM are on the rise. 2 These bacteria, though indolent, are resistant to many forms of decontamination and sterilization, with postsurgical outbreak reports in South America and the United States. [3] [4] [5] Mycobacterium goodii presents a unique challenge due to its particular resistance pattern. This case highlights the diagnostic and treatment challenges of this particular NTM organism. We will summarize the current literature about diagnosing and treating M. goodii.
Mycobacterium goodii is a rapidly growing NTM that was differentiated from M. smegmatis in 1999 by Brown et al. These small Gram-positive rods grow in 2 to 4 days on most media (blood agar, chocolate agar, trypticase soy agar, Middlebrook 7H10 or 7H11 agar, and Lowenstein-Jensen agar). 1 Treatment of M. goodii can be complex. All M. goodii infections associated with surgical intervention or implants in the literature required adequate surgical debridement and removal of contaminated material for clinical cure, with the exception of 2 cases. 6, 7 Treatment subsequently requires prolonged appropriate antibiotic therapy. 2 Because of delays in diagnosis, empiric therapy is often begun for rapidly growing NTM, usually clarithromycin and rifampin. Unfortunately, M. goodii is inherently resistant to these medications due to 2 factors: overexpression of the Wag31 gene and the presence of the erm gene. 8 Overexpression of the Wag31 gene results in increased thickness of the peptidoglycan layer leading to decreased permeability of lipophilic drugs like rifampin. 9 The erm gene causes irregularities at the ribosomal binding site for macrolides, causing clarithromycin resistance. 8, 10 Treatment should be guided by antimicrobial susceptibility testing. The most commonly used drugs to treat this organism are sulfamethoxazole/trimethoprim and ethambutol, followed by doxycycline and ciprofloxacin, depending on susceptibilities. 1, 2 For more serious infections, amikacin and meropenem have been reported. 11, 12 When tolerated, sulfamethoxazole/trimethoprim has the most evidence for treatment success; however, allergies and renal toxicity, as seen in our case, limit its use (Table 1) . Combination therapy is often used, but monotherapy, particularly with sulfamethoxazole/trimethoprim, has been reported ( Table 1) . Table 1 lists all of the cases of M. goodii reported in the English literature as well as the medications and durations of therapy that have been used. Please note that Brown et al investigated 28 isolates that were later classified as M. goodii using 16s RNA sequencing and DNA-DNA hybridization. The infections listed were predominantly posttraumatic wounds and bone infections, nosocomial infections, and pulmonary disease, including 3 cases with lipoid pneumonia. These clinical isolates are not included in Table 1 due to lack of clinical data surrounding the infections.
Treatment of M. goodii usually is prolonged and depends on the clinical syndrome 10 ranging from 4 weeks to 12 months (Table 1 ). In the case of cardiac device infections, there is no clear evidence as to when a new device can be implanted. In one case report, successful reimplantation occurred within 2 weeks of removal of the infected device. 13 In our patient, reimplantation was delayed until after completion of therapy (16 weeks).
In conclusion, M. goodii is a rare but challenging pathogen, most often associated with nosocomial infection. No specific host 10 Physicians need to be aware of the challenges to treating NTM infections as the incidence is increasing, and failed recognition can lead to poor outcomes.
